Key Summary Points {#FPar1}
==================

***Why carry out this study?***The number of patients with diabetes and the associated national medical healthcare expenditures are still increasing in JapanThe quality of diabetic management by general practitioners is critical to reduce diabetes complications, medical costs, and improve patient quality of life instead of diabetes specialists, although the number of specialists is insufficient to cover all patients with diabetes in Japan***What was learned from the study?***Many patients with type 2 diabetes mellitus are appropriately cared for by general practitioners, e.g., in terms of glycemic, weight, and blood pressure control, instead of by diabetes specialists in JapanThe collaboration between general practitioners and specialists may be appropriate for managing patients with diabetes in JapanTo match the constant increase in demand for diabetes care, providing adequate quality of care by general practitioners is a solution to decrease diabetic complications and improve the quality of life for patients with diabetes

Introduction {#Sec1}
============

The goal in the treatment of patients with diabetes mellitus is to prevent disease complications. This leads to a prolonged life span, improved quality of life regardless of diabetes, and reduced medical costs. The number of patients with diabetes and the associated national medical healthcare expenditures are still increasing in Japan \[[@CR1]\]. The annual Health, Labour and Welfare Report of 2017 showed that approximately 9.5 and 11 million persons (7.9% and 9.1% of total population in Japan) were strongly suspected to or considered to have diabetes, respectively \[[@CR1]\].

Some European countries have a universal healthcare structure based on a gate-keeping system. In this system, patients visit primary care physicians first after obtaining an appointment, and then primary care physicians refer them to specialists if necessary. Japan has a public health insurance system for everyone in the country. This Japanese medical service is based on a free-access policy. Every person in Japan can obtain medical services at any clinic or hospital at any time. In addition, Japanese physicians have the freedom of opening clinics or hospitals specializing in any area. Under these circumstances, patients with type 2 diabetes mellitus (T2DM) can choose to visit either diabetes specialists or general practitioners depending on their preference. Moreover, approximately 6000 physicians in Japan have been certified as specialists for diabetes care by the Japan Diabetes Society (JDS). This number of diabetes specialists is insufficient to cover all patients with diabetes, and as a result, general practitioners care for many patients with diabetes in Japan. Therefore, the quality of diabetic management by general practitioners as well as by diabetes specialists is critical to reduce diabetes complications, improve quality of life, and reduce medical costs.

To estimate the quality of diabetic management in this study, we selected hemoglobin A1c (HbA1c) levels as a surrogate marker of glycemic control, and body weight and blood pressure control as other outcome measures. Glycemic control remains a major therapeutic objective, and measurement of HbA1c levels is now accepted as a standard index of glycemic control in patients with diabetes. In fact, HbA1c levels are also a major outcome measure and have been used as the standard in the Diabetes Control and Complication Trial and other studies \[[@CR2]\].

Meanwhile, weight management and reduction are critical for patients with diabetes, and sustained weight loss is associated with low HbA1c levels \[[@CR3]\]. Weight reduction for patients with diabetes requires lifestyle interventions in addition to medication assistance. For empowering patients to change their lifestyle, many co-medical staff, such as dietitians, exercise trainers, and psychologists, are required to be collaborate, while every general practitioner may not hire or collaborate with these special staff. Data from the Japan Diabetes Clinical Data Management Study Group (JDDM) that consisted of diabetes specialists in Japan showed that the yearly change in mean body mass index (BMI) increased until 2013 when weight-lowering drugs such as sodium-glucose cotransporter 2 inhibitors (SGLT2i) and glucagon-like peptide 1 receptor agonists (GLP-1 RA) became available \[[@CR4]\]. These findings suggest that weight management for patients with T2DM may not be easy for general practitioners.

Hypertension is a major risk factor for atherosclerotic cardiovascular disease, heart failure, and microvascular complications \[[@CR5]\], and many studies have demonstrated the clinical efficiency of blood pressure reduction in preventing these complications. Blood pressure is routinely measured at every visit in a real-world clinical setting. Therefore, we used the blood pressure assessed at the clinic as one of the outcome measures of this study.

We performed a nationwide cross-sectional survey in 2006 and reported that the average HbA1c levels in Japanese patients treated by both general practitioners and specialists were acceptable \[[@CR6]\]. In Japan, seven classes of oral antidiabetic drugs (OADs) such as biguanides (BG), thiazolidinediones (TZD), sulfonylureas (SU), rapid-acting insulin secretagogues (glinides), dipeptidyl peptidase 4 inhibitors (DPP4i), α-glucosidase inhibitors (α-GI), and SGLT2i are available now. Among these OADs, DPP4i and SGLT2i became available recently. The risk of hypoglycemia of drugs in these two classes is less than that with drugs that stimulate insulin secretion such as SU and glinides. In addition, Japanese guidelines for elderly patients with diabetes have shifted from strict glycemic control to the avoidance of hypoglycemia \[[@CR7]\]. As trends in prescriptions have changed \[[@CR8]\], in 2018 we performed a survey by collecting questionnaires from practitioners throughout Japan to clarify whether the glycemic, body weight, and blood pressure management provided to patients with T2DM by general practitioners is appropriate instead of diabetes specialists under the situation of insufficient specialists to cover all patients with diabetes in Japan.

Methods {#Sec2}
=======

Study Design {#Sec3}
------------

This study was a nationwide cross-sectional survey of 8070 patients with T2DM who were cared for by 463 practitioners.

Ethical Considerations {#Sec4}
----------------------

The present study was approved by the ethics committee of the Kanagawa Association of Medical and Dental Practitioners, which includes lawyers and ethical experts, on May 1, 2018. The study approval number was 17007. Informed consent was obtained from all enrolled patients at each clinic, in accordance with the Guidelines for Epidemiological Study of the Ministry of Health, Labour and Welfare of Japan.

Patients and Methods {#Sec5}
--------------------

We randomly selected 6580 practitioners (approximately 15%) who were members of the Japanese Medical and Dental Practitioners for the Improvement of Medical Care (JMDPIMC) group and asked them to participate in this study. A total of 463 practitioners agreed to participate, and 8070 patients with T2DM who were 33--100 years old were enrolled. The type of diabetes mellitus was determined according to the criteria described in the "Report of the Committee of Japan Diabetes Society (JDS) on the Classification and Diagnostic Criteria of Diabetes Mellitus" \[[@CR9]\]. These criteria are almost identical to those of the World Health Organization \[[@CR10]\]. Briefly, type 1 diabetes was diagnosed on the basis of permanent insulinopenia and the state of being ketosis-prone (idiopathic type 1 diabetes) or on the basis of positivity for autoimmune destruction markers such as glutamic acid decarboxylase (immune-mediated type 1 diabetes).

A diabetes specialist (*n* = 79) in this study was defined as a member or board-certified diabetes care physician from the JDS or Japan Endocrine Society. Other physicians (*n* = 384) were considered general practitioners.

Data were collected from July 1 to July 31, 2018. Inclusion criteria required subjects to visit a practitioner and have their HbA1c levels tested at least once every 3 months. Each practitioner was encouraged to enroll up to 20 patients in order of arrival. Patient age, sex, height, body weight, most recent HbA1c data, blood pressure, hypertension or dyslipidemia status, and details of therapy including drugs and insulin were collected for analysis. Weight and height were measured using standardized techniques and equipment. BMI was calculated as the weight in kilograms divided by the square of the height in meters. In addition, we asked practitioners for their age, sex, clinic location, reasons for consulting with a diabetes specialist or being consulted by a general practitioner, and information for decision-making for prescriptions. Data were filled out in a sheet by each practitioner and collected by mail at the central analytical facility, where the information was treated anonymously.

Statistical Analysis {#Sec6}
--------------------

The data distribution was analyzed using Kolmogorov--Smirnov test and Shapiro--Wilk test. Levels of HbA1c, age, BMI, and blood pressure are presented as the median with interquartile range, as appropriate, according to the data distribution. Differences between two groups were analyzed using a Mann--Whitney *U* test. The Kruskal--Wallis test was applied for multiple comparisons. The chi-square test was used to compare the distributions of HbA1c, treatment modality, and rate of target blood pressure achievement between groups. All statistical analyses were performed using the statistical software package SPSS (SPSS Inc., Chicago, IL, USA) and JMP version 14.0 software (SAS Institute Inc., NC, USA). *p* values less than 0.05 were considered statistically significant.

Results {#Sec7}
=======

Characteristics of Study Population {#Sec8}
-----------------------------------

A total of 8070 patients with T2DM were enrolled in the study. Of these, 6525 (80.9%) and 1545 (19.1%) patients were cared for by general practitioners and diabetes specialists, respectively. The clinical characteristics of the patients are summarized in Table [1](#Tab1){ref-type="table"}. The age, ratio of women to men, BMI, and prevalence of hypertension among patients cared for by general practitioners were higher than those among patients cared for by diabetes specialists, whereas the prevalence of hyper-low-density lipoprotein (LDL) cholesterolemia was not different between the two groups (53.0% and 51.3%, respectively, *p* = 0.251). In addition, there was no significant difference in the prescription rate of statins for patients with T2DM and hyper-LDL cholesterolemia between general practitioners and specialists (84.1% and 84.3%, respectively, *p* = 0.874).Table 1Characteristics of the patientsGeneral practitioners (*n* = 384)Specialists (*n* = 79)*p*Number (*n*, %)6525 (80.9%)1545 (19.1%)Age (years old)71 (64--79)70 (61--77)\< 0.001Sex (male/female, %)55.0:45.060.0:40.0\< 0.001BMI (kg/m^2^)24.5 (22.2--27.2)24.2 (21.7--27.0)0.001Hypertension (*n*, %)4638 (71.0%)938 (61.0%)\< 0.001Hyper-LDL cholesterolemia (*n*, %)3441 (53.0%)790 (51.3%)0.251Treatment with statin84.1%84.3%0.874Data of age and BMI are presented as median (interquartile range)*BMI* body mass index, *LDL* low-density lipoprotein

HbA1c Values by Age and BMI Group Between Two Care-Provider Categories {#Sec9}
----------------------------------------------------------------------

The median HbA1c level of patients treated by general practitioners was lower than that of patients treated by diabetes specialists (6.8% \[6.2--7.3\], median \[interquartile\] vs. 6.9% \[6.5--7.5\], *p* \< 0.0001) (Fig. [1](#Fig1){ref-type="fig"}a); this observation was true irrespective of whether the patients were divided according to age (\< 65, ≥ 65 and \< 75, ≥ 75 years) or BMI (\< 22, ≥ 22 and \< 25, ≥ 25 and \< 27, ≥ 27) (Table [2](#Tab2){ref-type="table"}).Fig. 1Median HbA1c levels and distribution for all patients. **a** Median HbA1c level for all patients treated by general practitioners was lower than that of those treated by diabetes specialists (\**p* \< 0.0001). The bottom of the boxplot indicates the 25th percentile, and the top indicates the 75th percentile. Horizontal lines in the boxes represent medians. The lower and upper ends of the whiskers represent the minimum and maximum observations, respectively. **b** Distributions of patients according to HbA1c level rank were also different between patients treated by general practitioners and those treated by diabetes specialists (chi-square test, *p* \< 0.0001)Table 2HbA1c values by age and BMI groupsGeneral practitionersSpecialists*p*Age (years old) \< 656.9% (6.4--7.5)7.0% (6.5--7.6)\< 0.0001 ≥ 65 and \< 756.7% (6.3--7.2)6.9% (6.5--7.5)0.006 ≥ 756.7% (6.3--7.2)6.9% (6.6--7.5)\< 0.0001BMI (kg/m^2^) \< 226.7% (6.2--7.2)6.8% (6.3--7.4)0.006 ≥ 22 and \< 256.7% (6.3--7.3)6.9% (6.5--7.5)\< 0.0001 ≥ 25 and \< 276.8% (6.4--7.3)6.9% (6.5--7.5)0.001 ≥ 276.8% (6.4--7.4)7.0% (6.6--7.6)\< 0.0001Data of HbA1c values are presented as median (interquartile range)*BMI* body mass index

Multivariable logistic regression analysis also showed that a lower age and a higher BMI were associated with higher HbA1c values (*p* \< 0.0001) (Table [3](#Tab3){ref-type="table"}).Table 3Contributing factors for HbA1c levels by multivariable regression analysisUnadjusted β coefficient (SE)Adjusted β coefficient*p*Number of OADs0.012 (0.001)0.242\< 0.0001With insulin therapy0.41 (0.02)0.245\< 0.0001Age0.000 (0.000)− 0.052\< 0.0001BMI0.001 (0.000)0.059\< 0.0001Sex as female− 0.003 (0.001)− 0.0310.004Specialists as a care provider0.03 (0.001)0.0240.025*SE* standard error, *OADs* oral antidiabetic drugs (including biguanides, thiazolidinediones, sulfonylureas, rapid-acting insulin secretagogues, dipeptidyl peptidase 4 inhibitors, α-glucosidase inhibitors, sodium-glucose cotransporter 2 inhibitors), *BMI* body mass index

Blood Pressure Control at Doctor's Office {#Sec10}
-----------------------------------------

The median office systolic blood pressure of patients with T2DM and hypertension who were cared for by general practitioners and those who were cared for by specialists was not different (130.0 mmHg \[90.0--209.0\] and 130.0 mmHg \[86.0--194.0\], respectively, *p* = 0.296), whereas the median diastolic blood pressure of patients cared for by general practitioners was 1 mmHg higher than that of patients cared for by specialists (71.0 mmHg \[38.0--118.0\]) vs. 70.0 mmHg \[40.0--125.0\], respectively, *p* \< 0.001) (Table [4](#Tab4){ref-type="table"}). The achievement rates of target blood pressure \< 140/90 mmHg and \< 130/80 mmHg in patients with T2DM and hypertension cared for by general practitioners and specialists were not different (73.2% and 73.3% for \< 140/90 mmHg, *p* = 0.968; 37.7% and 40.0% for \< 130/80 mmHg, *p* = 0.182, respectively) (Table [4](#Tab4){ref-type="table"}). An angiotensin-converting enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARB) was less commonly prescribed for patients with T2DM and hypertension cared for by general practitioners than for those cared for by specialists (68.3% vs. 72.3%, respectively, *p* = 0.016), whereas a calcium channel blockers (CCB) was more frequently prescribed by general practitioners than by specialists (68.6% vs. 63.9%, respectively, *p* = 0.005) (Table [4](#Tab4){ref-type="table"}).Table 4Blood pressure control at doctor's officeGeneral practitionersSpecialists*p*Patients without hypertension Systolic blood pressure (mmHg)124.0 (78.0--169.0)124.0 (83.0--171.0)0.231 Diastolic blood pressure (mmHg)70.0 (45.0--106.0)71.0 (39.0--114.0)0.020Patients with hypertension Systolic blood pressure (mmHg)130.0 (90.0--209.0)130.0 (86.0--194.0)0.296 Diastolic blood pressure (mmHg)71.0 (38.0--118.0)70.0 (40.0--125.0)\< 0.001 Achievement rate \< 140/90 mmHg73.2%73.3%0.968 Achievement rate \< 130/80 mmHg37.7%40.0%0.182 Treatment with ACEi/ARB68.3%72.3%0.016 Treatment with CCB68.6%63.9%0.005*ACEi* angiotensin-converting enzyme inhibitors, *ARB* angiotensin receptor blockers, *CCB* calcium channel blockers

BMI by Age and HbA1c Level Between Two Care-Provider Categories {#Sec11}
---------------------------------------------------------------

We evaluated the weight control of the patients according to HbA1c level, age, and whether care was provided by a general practitioner or diabetes specialist. Among patients of all age groups, the median BMI of patients with HbA1c levels \< 6.9% and \> 9.0% cared for by specialists was lower (23.7 \[21.4--26.6\] and 24.6 \[22.7--27.5\], respectively) than that of those cared for by general practitioners (24.3 \[22.1--26.8\] and 26.0 \[23.0--29.3\], respectively, *p* \< 0.05) (Fig. [2](#Fig2){ref-type="fig"}). Among patients aged \< 65 and \> 75 years, the BMI of patients with an HbA1c level \< 6.9% cared for by specialists was lower (25.2 \[22.6--28.5\] and 22.7 \[20.6--25.2\]) than that of those cared for by general practitioners (25.9 \[23.2--29.1\] and 23.7 \[21.6--29.1\], *p* \< 0.05). Finally, in patients aged 65--75 years, the BMI of patients with an HbA1c level \> 9.0% cared for by specialists was lower (24.5 \[23.2--26.4\]) than that of those cared for by a general practitioner (26.1 \[24.4--28.4\], *p* \< 0.05) (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2BMI of patients cared for by general practitioners or specialists according to HbA1c rank. **a** Patients of all ages, **b** patients aged \< 65 years, **c** patients aged 65--75 years, and **d** patients aged \> 75 years. GP general practitioners, SP specialists, \**p* \< 0.05. The bottom of the boxplot indicates the 25th percentile, and the top indicates the 75th percentile. Horizontal lines in the boxes represent medians. The lower end of the whiskers represents the minimum observation, and the upper end represents the maximum

Distribution of HbA1c Levels {#Sec12}
----------------------------

The distribution of patients according to the range of HbA1c levels was also different between general practitioners and specialists (chi-square test, *p* \< 0.0001) (Fig. [1](#Fig1){ref-type="fig"}b). The proportions of patients with HbA1c levels \< 7.0% treated by general practitioners and specialists were 60% and 52%, respectively, whereas those of patients with HbA1c levels \> 8.0% treated by general practitioners and specialists were 10% and 13%, respectively.

Differences in HbA1c Values According to Type of Therapy {#Sec13}
--------------------------------------------------------

The proportions of each therapy type are listed in Table [5](#Tab5){ref-type="table"}. There was a difference between general practitioners and specialists (chi-square test, *p* \< 0.0001). The percentages of patients treated with OADs by general practitioners and specialists were 84.5% and 68.5%, respectively. In OAD therapy, the number of different OADs prescribed for patients treated by general practitioners was lower than that for patients treated by specialists (2 \[1, 2\] vs. 2 \[1--3\]; *p* \< 0.0001, Mann--Whitney *U* test).Table 5Proportion of the therapy by each care providerType of therapyGeneral practitioners\
*n* (%)Specialists\
*n* (%)Diet461 (7.1%)75 (4.9%)OADs5423 (83.1%)1058 (68.5%)GLP-1 RA11 (0.2%)4 (0.3%)Insulin116 (1.8%)85 (5.5%)GLP-1 RA + OADs73 (1.1%)53 (3.4%)Insulin + OAD402 (6.2%)242 (15.7%)Insulin + GLP-1 RA15 (0.2%)5 (0.3%)Insulin + GLP-1 RA + OADs25 (0.4%)23 (1.5%)Total6526 (100%)1545 (100%)(*χ*^2^ test, *p* \< 0.0001)*OADs* oral antidiabetic drugs (including biguanides, thiazolidinediones, sulfonylureas, rapid-acting insulin secretagogues, dipeptidyl peptidase 4 inhibitors, α-glucosidase inhibitors, sodium-glucose cotransporter 2 inhibitors), *GLP-1 RA* glucagon-like peptide 1 receptor antagonisits

The percentages of patients receiving insulin therapy with or without other drugs were 8.6% and 23.8% for those treated by general practitioners and specialists, respectively. The percentages of patients treated with a GLP-1 RA with or without other drugs were 1.9% and 5.5% for those treated by general practitioners and specialists, respectively.

The median HbA1c levels among patients treated with OADs were higher than those among patients treated with only diet therapy by either care provider (Table [6](#Tab6){ref-type="table"}). In addition, the median HbA1c levels for patients treated with insulin, insulin plus OADs, GLP-1 RA plus OADs, and insulin plus GLP-1 RA plus OADs were higher than those for patients treated with only diet therapy or only OADs by either general practitioners or specialists (Table [6](#Tab6){ref-type="table"}). There were no significant differences in the median HbA1c levels of patients treated with any type of therapy, except for those treated with only OADs, by general practitioners or specialists. With regard to OAD therapy, the median HbA1c levels of patients treated by general practitioners were lower than those of patients treated by specialists (6.7 \[6.3--7.3\] vs. 6.8% \[6.4--7.3\], respectively, *p* = 0.001). A multivariable model showed that higher HbA1c levels were associated with a higher number of prescribed OADs (Table [3](#Tab3){ref-type="table"}).Table 6Difference of HbA1c values by the type of therapyType of therapyGeneral practitionersSpecialists*p*Diet6.5 (6.2--6.8)6.4 (6.1--8.8)0.280OADs6.7 (6.3--7.3)\*6.8 (6.4--7.3)\*0.001GLP-1 RA6.6 (6.1--7.9)6.5 (6.3--7.5)0.948Insulin7.3 (6.6--8.1)\*^\#^7.4 (6.9--8.0)\*^\#^0.617GLP-1 RA + OADs7.2 (6.8--8.0)\*^\#^7.4 (7.0--8.5)\*^\#^0.384Insulin + OADs7.3 (6.8--8.0)\*^\#^7.4 (6.8--8.0)\*^\#^0.091Insulin + GLP-1 RA7.1 (6.6--7.6)7.3 (6.1--8.5)0.745Insulin + GLP-1 RA + OADs7.3 (6.8--8.3)\*^\$^7.4 (7.2--7.7)\*^\$^0.652*OADs* oral antidiabetic drugs (including biguanides, thiazolidinediones, sulfonylureas, rapid-acting insulin secretagogues, dipeptidyl peptidase 4 inhibitors, α-glucosidase inhibitors, SGLT2 inhibitors), *GLP-1 RA* glucagon-like peptide 1 receptor antagonistsData of HbA1c are presented as median (interquartile range)\**p* \< 0.0001 vs. diet by each care provider^\#^*p* \< 0.0001 vs. OADs by each care provider^\$^*p* \< 0.001 vs. OADs by each care provider

Consultation Between General Practitioners and Specialists {#Sec14}
----------------------------------------------------------

In response to the question on whether consulting with specialists was easy, 88.2% of general practitioners replied that it was easy. The reasons for consultation are summarized in Table [7](#Tab7){ref-type="table"}. The most frequent reason for the consultation was the initiation of insulin; the second most frequent reason was a high HbA1c level. However, the HbA1c level that general practitioners wished to consult with specialists for was higher than that for which specialists preferred to be consulted (9.5 ± 1.4%, mean ± SD vs. 8.5 ± 0.8%, respectively, *p* \< 0.0001).Table 7Reasons for which general practitioners wish to consult and specialists prefer to be consultedReasonsGeneral practitioners\
*n* (%)Specialists\
*n* (%)*p*Higher HbA1c284 (77.6%)60 (89.6%)0.026Polypharmacy166 (48.4%)51 (78.5%)\< 0.0001Initiation of insulin (basal insulin)209 (58.4%)53 (80.3%)0.001Adjusted insulin dosage (basal insulin)66 (19.4%)32 (49.2%)\< 0.0001Initiation of insulin (multiple injection)295 (81.9%)55 (83.3%)0.786Adjusted insulin dosage (basal insulin)106 (30.7%)38 (58.5%)\< 0.0001Initiation of GLP-1 RA197 (56.8%)44 (66.7%)0.135Adjusted GLP-1 RA dosage110 (33.2%)25 (37.9%)0.467*GLP-1 RA* glucagon-like peptide 1 receptor antagonists

Discussion {#Sec15}
==========

The quality of T2DM care is affected not only by patient characteristics such as age, sex, ethnicity, socioeconomic position, educational status, and lifestyle but also by healthcare system factors such as healthcare organization, insurance system, financial incentives, clinical guidelines, and care-provider characteristics such as age, sex, and specialty \[[@CR11]--[@CR14]\]. The role of general practice and diabetic clinics in the management of diabetes is still a matter of debate. Studies have consistently shown that specialist care is associated with better process outcomes in type 1 diabetes \[[@CR15]\]. For type 2 diabetes, some studies have suggested that patients with diabetes achieve better glycemic control with specialist care than with care by general practitioners \[[@CR11], [@CR16]\]. Conversely, some studies, including our previous study \[[@CR6], [@CR16]\], have shown that there are no substantial differences between specialists and general practitioners in terms of outcome, although specialists tend to perform better than general practitioners in process measures \[[@CR11], [@CR17]\].

From our survey, overall HbA1c levels in patients with T2DM treated by general practitioners were lower than those in patients treated by specialists. In addition, the median HbA1c levels of patients treated by general practitioners in any group that was divided on the basis of patient age and BMI were lower than those of patients treated by specialists. However, multivariable regression analysis showed that lower age, higher BMI, and being female were associated with higher HbA1c levels in this study. Consistent with the findings of our previous study \[[@CR6]\], the HbA1c levels of patients treated by general practitioners were lower than those of patients treated by specialists, regardless of patient age and BMI.

One possible explanation for this finding is that the proportion of therapy types differed between general practitioners and specialists. A higher proportion of patients treated by general practitioners than those treated by specialists received OAD therapy, whereas a higher proportion of patients treated by specialists than those treated by general practitioners received insulin therapy. Patients who received insulin therapy had higher HbA1c levels than those who did not receive insulin therapy, regardless of the care provider. The HbA1c levels of patients receiving OAD therapy from general practitioners were lower than those of patients receiving OAD therapy from specialists. General practitioners prescribed fewer OADs than did specialists, and HbA1c levels were found to be associated with the number of OADs prescribed, according to multivariable regression analyses. Our results suggest that specialists may treat patients who have a greater difficulty in achieving glycemic control and need to undergo intensive treatments such as insulin therapy or multiple combined OAD therapy.

General practitioners were more reluctant to intensify treatment for patients with T2DM, e.g., by initiating insulin or drug intensification, and specialists were less prone to clinical inertia than were primary care practitioners \[[@CR13], [@CR16]\]. Under these circumstances, the appropriate response of general practitioners to elevated HbA1c levels would be to consult with a specialist. Accessibility to specialists may be a critical factor for smooth consultation, and the network between general practitioners and specialists may contribute to appropriate diabetes care. In this study, 88.2% of general practitioners indicated that it was easy to consult with specialists. Further, a shared care program between a specialized outpatient clinic and primary healthcare physicians has been shown to be non-inferior to management in a specialized outpatient clinic \[[@CR18]\]. Another study has shown that training and continuous communication between primary care physicians and endocrinologists resulted in improvements in metabolic control among patients with diabetes and vascular disease in a primary setting \[[@CR19]\]. In Italy, althpigh diabetic specialists have been endeavored for improving diabetic care \[[@CR20], [@CR21]\], for further improvement, a recent ongoing study is examining whether integrated care by general practitioners, diabetologists, and cardiologists can afford better outcomes in a population at-high-risk patients with diabetes \[[@CR22]\]. Our study suggests that general practitioners may consult with specialists in a timely manner at the step of therapy intensification, such as the addition of a fourth OAD or more than four OADs or at the initiation of insulin therapy. In our study, the HbA1c level that general practitioners wished to consult with specialists about was higher than that for which specialists preferred to be consulted. In concordance with the findings of these reports, the network between general practitioners and specialists is expected to be bidirectional. In other words, not only should general practitioners consult with specialists but specialists should also inform general practitioners of guidelines and provide them with knowledge on new drugs as well as methods for initiation of insulin.

Weight control in patients with T2DM is a concern for physicians because BMI is associated with HbA1c values \[[@CR3]\]. In our study, the BMIs of patients with T2DM cared for by general practitioners were found to be higher than those of patients cared for by specialists, especially among those with higher HbA1c levels. For weight management, lifestyle interventions, such as medical nutrition therapy, physical activity, and self-management education, and psychological support are necessary \[[@CR23]\]. Many co-medical staff members need to participate in the education and empowerment of patients to introduce lifestyle changes. However, these collaborations may be difficult among general practitioners. Even among patients with T2DM and a good glycemic control status, such as HbA1c levels \< 7.0%, the BMI of patients cared for by specialists was lower than that of those cared for by general practitioners. This suggests that specialists may conduct the weight control in all patients with T2DM, regardless of their HbA1c levels. The association between BMI and all-cause mortality among patients with T2DM shows a U-shaped curve, and both lean and obese patients show an increased risk for all-cause mortality \[[@CR24]\]. Further, the Jichi Medical School Cohort Study in Japan showed that the risk of all-cause death in elderly patients with diabetes was substantially higher than that in lean patients of all ages, whereas the risk of all-cause death in obese patients was restricted to patients aged \< 65 years \[[@CR25]\]. According to these reports, the weight management of patients with T2DM cared for by general practitioners was acceptable, except for those with high HbA1c levels.

Hypertension is common among patients with diabetes. Furthermore, it is a strong and modifiable risk factor for macrovascular and microvascular complications of diabetes \[[@CR5]\]. Meta-analysis of clinical trials revealed that antihypertensive treatment of populations with diabetes and baseline blood pressure \< 140/90 mmHg reduces the risk of atherosclerotic cardiovascular disease (ASCVD), heart failure, retinopathy, and albuminuria \[[@CR26]--[@CR28]\]. Therefore, most patients with diabetes and hypertension should be treated maintaining a target blood pressure of at least \< 140/90 mmHg. A target blood pressure lower than \< 149/90 mmHg may be beneficial for selected patients with diabetes. However, the JDS and the Japanese Society of Hypertension recommend that the target level of office blood pressure in patients with diabetes be \< 130/80 mmHg and an ACEi/ARB be used as a first-line antihypertensive drug because of its organ-protective and insulin-sensitizing properties \[[@CR29], [@CR30]\]. An ACEi/ARB is also recommended as a first-line treatment for hypertension in patients with T2DM and albuminuria in a position statement from the American Diabetes Association \[[@CR5]\]. The EUROASPIRE IV survey showed that only 54% of patients with diabetes achieved a target blood pressure \< 140/90 mmHg \[[@CR31]\]. Canada is another country whose guidelines have retained a target blood pressure \< 130/80 mmHg, and the achievement rate was 36% among patients with T2DM \[[@CR32]\]. In concordance with these reports, the target blood pressure (\< 140/90 mmHg) achievement rates of 73.2% and 73.3% for patients with T2DM cared for by general practitioners and specialists, respectively, in our study appear to be adequate and similar to the findings of a Canadian report (\< 130/80 mmHg; 37.7% and 40.0%, respectively). Our results that diabetes specialists prescribe ACEi/ARB more often than general practitioners also suggest that specialists may focus on albuminuria and may consider the prevention of renal function more than general practitioners.

The limitations of this study include the sample size and nature of the participants. We randomly selected approximately 15% of the JMDPIMC members for study eligibility, and 6.9% participated in this study. In addition, it is likely that the majority of practitioners who agreed to participate in this study had an interest in diabetes care, considering participation was voluntary. However, the ratio of specialists to general practitioners in this study was 16.8%, which is close to the ratio of certified diabetologists to general practitioners in Japan. Further, we did not collect precise information about the patients, such as duration of diabetes and complications, because the method of data collection was administration of a questionnaire among the busy practitioners. This study was cross-sectional; therefore, we could not clarify how the quality of diabetic care of general practitioners or specialists could contribute to improve the HbA1c levels.

In summary, the median HbA1c level of all patients treated by general practitioners was slightly lower than that of patients treated by specialists in this study. This suggests that collaboration between general practitioners and specialists is appropriate for managing patients with diabetes in Japan. In addition, blood pressure control by general practitioners was adequate and weight control was acceptable, except in patients with high HbA1c levels. The present study clearly demonstrated that many patients with T2DM are appropriately cared for by general practitioners instead of diabetes specialists in Japan, although the number of diabetes specialists is insufficient to cover all patients with diabetes. Finally, to match the constant increase in demand for diabetes care, provision of adequate quality of care by general practitioners is a solution to decrease the complications of diabetes and improve the quality of life of patients with diabetes. Our investigation may contribute to the policy of public health services in every country.
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